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Abstract 
Energy-saving and emission-reduction are the major challenge to the development of countries in the world.  When it 
comes to China, it refers to properly handle the regional issues. According to the common trends of the average 
industrial SO2 emission per square kilometer in three developed regions (Yangtze River Delta, Pearl River Delta and 
Bohai Economic Circle) and the remaining regions in the east, the middle and the west, this paper conducts an 
empirical analysis on the issue of pollution emission spilled from the developed regions to the remaining provinces. 
The result shows that the pollution emission in developed regions significantly demonstrates the role-model effect to 
the remaining provinces, and the effect will be weaken as the distance from the remaining provinces to three 
developed regions increases, which somewhat interprets the common trend of pollution emission among regions. 
Meanwhile, the role-model effect gives us the policy recommendation that China shall pay full attention to the 
exemplary role played by the developed regions on the issue of energy-saving and emission-reduction. 
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1. Introduction 
As China developed rap idly in the past 30 years, the environmental problem becomes more and more 
severe and increasingly attracts people’s attention. The regional imbalanced development complicates the 
problem of environmental pollution. Figure  1 demonstrates the amount of the average industrial SO2 
emission per square kilometer in three developed regions and regions in the east, the middle and the west. 
Statistics shows that, the industrial SO2 emission (emission per square kilometer)  in  three developed 
regions, namely Yangtze River Delta, Pearl River Delta and Bohai Economic Circle, is higher than the 
other regions, followed the east, then the middle and the west comes least. As regards to the trend, the 
emission amount in four regions continuously increased before the year 2006. W ith 2006 as the turning 
point, the emission amount began to decrease afterwards, which demonstrates the common trend in four 
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regions. From the perspective of the scale of emission-reduction, developed regions rank first, fo llowed 
by the regions in the east, the middle and the west, that it is, the converging phenomenon can be found 
among four regions. 
 
Fig. 1. The Average industrial SO2 emission per Square Kilometer in Different Regions 
The phenomenon in Figure 1 results from the interactive influence among regions. If the 
environmental pollution spillover, especially the discharge of pollutants among regions, can be interpreted, 
the contribution of regional pollution spillover to energy conservation and emission reduction, and also 
the change in the main  source of economic growth can be better explained. Focusing on the discussion of 
the pollutant discharge, the term “environmental pollution  spillover”  refers to the influence on the 
behavior of the economic man. If the reg ions are div ided into developed reg ions and less-developed 
regions, the influence on pollutant discharge might include the following two effects: 
(1) Role-model effect. The less developed regions will discharge more pollution when more are 
discharged by the developed regions and vice vers a, because the former take the latter as their role model 
and will follow the example. When people of less developed areas see much pollution in developed 
regions, they will feel at ease and justified to do the same. But if they see the opposite, they will also do 
the opposite. This effect will weaken when the distance between the two regions increases, because 
regions close to the rich province will see its development experience clearly and learn from it more 
easily. 
 (2) Transfer effect. More pollution is witnessed in less developed regions when there is less 
pollution in the developed regions. When their economy develops to a certain extent, developed regions 
will upgrade and transfer their industries. The first types of industries transferred are those with high 
pollution. That being the case, less developed regions will consequently have more pollution when the 
rich have less. This effect will also weaken when the distance between the two regions increases. The 
regions close to the developed region will be the more convenient place to transfer the industry for the 
cost and benefit considerations. 
This paper researches the effect of the pollution in developed regions to that in the less -developed 
regions, and also the relationship of distance and that effect. To be more specific, the issues under 
discussion are: how will the pollut ion in less-developed regions be when developed regions reduce their 
emission, and the role that effect plays in the energy conservation and emission reduction. 
The structure of the following parts is : the second part is the empirical study, applying the nonlinear 
OLS method and testing them in different regions respectively. The third part comes to the conclusion.
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2. Empirical  Study 
2.1. Data Specification 
The data used in this paper is  the panel data of China’s different provinces from year 2000 to year 
2008, with the purpose to see whether there is pollution spillover by the developed regions, i.e., how the 
change of pollution in developed regions influences other provinces. 
As regards to the manipulation of provinces, this paper includes: (1) the selection of developed 
provinces. The Yangtze River Delta, Pearl River Delta, and the Bohai Economic Circle are selected as the 
developed region whose pollution spillover is examined  in  this paper, because they are regarded as the 
most developed regions in China and the three main driv ing force of the Chinese economic development 
at present. To be more specific, Shanghai, Zhejiang and Jiangsu province are grouped to represent the 
Yangtze River Delta, and Beijing and Tianjin to represent Bohai Economic Circle. The grouping is 
conducted in terms of their pollution emission, GDP and population, etc. And Guangdong represents the 
Pearl River Delta. (2) The selection of less-developed provinces. The five autonomous regions including 
Guangxi, Inner Mongolia, Ningxia, Tibet, Xinjiang are excluded from this paper, and Chongqing is 
incorporated into Sichuan because data prior to 1997 is used when calculating capital stock. 
The paper takes the emission of sulfur dioxide to illustrate the pollution emission of provinces and 
the investment in curbing pollution to represent the importance each government places in the issue. The 
data comes from the China Environment Statistics Almanac. The straight-line d istance between provincial 
capitals is taken as the distance in this paper, namely, the distance between less developed provinces and 
Beijing, Shanghai and Guangzhou. The data is collected from the Google Map. And the rest macro 
control variables, the provincial GDP, GDP per capita, CPI, real p rovincial GDP and GDP growth rate 
per capita is from the China Statistics Almanac and almanac from each provinces.If the real value is 
obtained in the date, CPI is used to eliminate the effect of inflation, with the year 1999 as the base period. 
2.2. Regression Analysis  
How does the increase of pollut ion emission by developed regions influence the emission by less -
developed regions? As a matter of fact, the influence of pollution emission by developed regions is made 
possible by two types of effects:  role model effect and transfer effect. In order to study these effects, we 
build a non-linear model based on Grossman and Krueger’s (1993) model of three in fluencing factors to 
the environment, i.e., 
laso2=b0+b1*˄laso2b*exp˄b2*db˅+laso2s*exp(b3*ds)+laso2g*exp(b4*dg)˅+¸X+¦
In the equation, X is the control variable  including real GDP growth rate (ggdp) which reflects scale 
effect, real GDP per square kilometer and its square amount (lagdp and lagdp2), the weight of secondary 
industry in GDP (sr) which reflects s tructure effect, and technical advance rate (techch) and TFP (tfpch) 
which reflect technology effects. laso2b, laso2s and laso2g stand for the industrial SO2 emission per square 
kilometre  in Bohai Economic Circle, Yangtze River Delta and Pearl River Delta in order. At last, db,ds 
and dg  stand the distance from the capitals of the rest provinces to Beijing, Shanghai and Guangzhou.  
b1-b4 are the estimated parameters. If b1>0 is significant, then there exists role model effect between 
pollution emission of developed regions and less -developed ones. If b1<0is significant, then there exists 
transfer effect between  pollution emission of developed reg ions and less -developed ones. If b1=0, there is 
no pollution spillover. When b1 does not equal to zero and is significant, if b2,b3,b4<0 is significant, then 
the two effects will decrease as the distance increases; if b2,b3,b4>0, the two effects will increase as the 
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distance increases. If b2=b3=b4=0, the two effects is not dependent on spatial distance.Table 1 shows the 
results of applying non-linear OLS. 
Table 1. Regression Analysis of Non-linear OLS 
 (1) (2) (3) (4) (5) (6) 
b0 -11.40***(1.22) 51.26(35.74) 54.80(35.61) -101.30(65.43) 40.92(42.47) 42.19(42.57) 
b1 1.12***(0.17) 1.19***(0.17) 1.19***(0.17) 1.67***(0.26) 1.22***(0.19) 1.23***(0.19) 
b2 -0.08***(0.03) -0.06***(0.02) -0.06***(0.02) -0.11***(0.04) -0.06***(0.02) -0.06***(0.02) 
b4 -0.04**(0.02) -0.04**(0.02) -0.04**(0.02) -0.05*(0.03) -0.04**(0.02) -0.04**(0.02) 
lagdp 1.94***(0.16) 1.88***(0.16) 1.88***(0.16)  1.87***(0.17) 1.85***(0.17) 
lagdp2 -0.16***(0.02) -0.14***(0.02) -0.14***(0.02)  -0.14***(0.02) -0.14***(0.02) 
sr 0.03***(0.01) 0.03***(0.01) 0.03***(0.01) 0.01(0.01) 0.03***(0.01) 0.03***(0.01) 
year  -0.032* -0.033* 0.048 -0.027 -0.027 
  (0.018) (0.018) (0.033) (0.021) (0.021) 
ll -106.113 -104.463 -104.851 -185.061 -104.351 -104.687 
R2 0.842 0.845 0.844 0.602 0.845 0.845 
N 171 171 171 171 171 171 
Note: (1) ***,**,* respectively indicates that it  is significant on the level of 1%, 5% and 10%;(2) Data in parenthesis is 
standard error.(3) The variables unsignificant aren’t listed. 
In the six equations in Table 1, E1 is significantly positive, which means that pollution emission 
from the three developed regions exerts role model effect on other provinces. To be more specific, there 
will be 1.2% drop in pollution emission from less developed regions when there is 1% drop in the three 
developed regions, without considering the influence of distance. The result is modified when 
incorporating the distance factor. The rest two (db and dg) are significantly negative except the distance 
to Shanghai. This shows that pollution spillover from Bohai Economic Circle and Pearl Rive Delta is 
dependent on spatial d istance but the spillover from Yangzte River is not. Applying  Equation 2 and 
judging from the data, other provinces will reduce their emission as a result of the same reduction by the 
three regions because of role model effect. The emission is reduced by 1.04% per hundred kilometers 
from Guangzhou (exp(0.041)). And the emission is reduced by 1.07% per hundred kilometers from 
Beijing (exp(0.063)). 
The role model effect of the pollution emission of three developed regions is more obvious than 
transfer effect. And the role model effect of Bohai Economic Circle and Pearl Rive Delta decreases as the 
distance increases because the provinces closer to the region can observe and learn from its development 
more conveniently and comprehensively. There is informat ion advantage for t he near provinces and thus 
are affected by the region more deeply. This result part ly exp lains the phenomenon in Figure 1. The 
policy guiding China’s regional development is to promote the east first and followed by the middle and 
west, the east being represented by the Yangzte Rive Delta, Pearl Rive Delta and Bohai Economic Circle 
which developed most comprehensively and become the role model to other regions. The pollution of 
developed regions becomes more and more serious with the rapid economic development at the beginning 
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and the pollution of other provinces also become serious because of role model effect. But  with the 
importance the government p laced on this issue, the developed region took the lead o f reducing emission 
especially after the Sixth Plenary Session of the 16th National Congress of Communist Party of China 
(CPC) Central Committee. Other p rovinces also follow the lead under ro le model effect and thus Figure 1 
is arrived at. 
The sample is grouped into the east, the middle and the west to test the model, because energy-
saving and emission-reduction should take the coordination of inter-regional relation into consideration, 
especially when pollution spillover exists. 
Table 2. Regional Testing – Non-linear OLS 
 (1) (2) (3) (4) (5) 
 The East  The Middle and 
the West  
The Middle The West  The Middle and 
the East  
b0 108.02(299.64) 21.30(45.45) 120.19**(49.62) 97.43(105.11) 14.2(27.99) 
b1 0.62*(0.33) 1.40***(0.20) 1.83***(0.35) 1.02**(0.45) 1.40***(0.16) 
b2 -0.09(0.31) -0.05**(0.02) -0.23*(0.12) -0.02(0.04) -0.08***(0.02) 
b3 0.02(0.11) 0.001(0.01) -0.01(0.004) -0.05(0.23) -0.01*(0.01) 
b4 -0.66(8.38) -0.04**(0.02) -0.23**(0.11) -0.05(0.13) -0.21***(0.03) 
lagdp 5.13*(2.62) 2.24***(0.22) 1.79***(0.66) 3.01***(0.30) 2.46***(0.60) 
lagdp2 -0.35**(0.15) -0.20***(0.03) -0.10(0.06) -0.29***(0.05) -0.17***(0.05) 
sr 0.03(0.02) 0.03***(0.01) 0.01**(0.004) 0.06**(0.02) 0.01*(0.01) 
year -0.06(0.15) -0.02(0.02) -0.07**(0.03) -0.06(0.05) -0.01(0.01) 
ll 20.956 -87.24 40.333 -29.721 -1.216 
r2 0.937 0.834 0.965 0.91 0.894 
N 36 135 72 63 108 
The testing is conducted in different regions and the results show that the influence of developed 
regions to the east, the middle and the west all observes role model effect. The spillover from developed 
regions to the east and west is not significantly dependent on spatial distance. As to the west, one possible 
reason is that the west is too far from the developed regions and the influence of developed regions is 
limited. Consequently, the west is lack of the motivation to observe, learn  from and imitate the developed 
regions. Instead, they form their own center and rely little on the three developed regions and thus the role 
model effect will not change according to distance. 
Compared with the east and west, the role model effect  of Pearl Rive Delta and Bohai Economic 
Circle to the middle China is decreased with the increase of distance, but the effect of Yangzte River 
Delta is not dependent on spatial distance, which is consistent with the overall sample analysis. In other 
words, the average effect by the three developed regions depends on the midd le China to a large extent. 
As to the SO2 emission in middle China, the role model effect is reduced by 1.25% (exp(0.226)) per 
hundred kilometers from Beijing, and reduced by 1.26% (exp(0.233)) per hundred kilometers from 
Guangzhou. The level is higher than the national average, further proving that the regional cooperation or 
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regional spillover effect is more reflected in  the cooperation and communication between  the poor and 
rich regions, especially that of the developed areas in the east and that of the middle. 
3. Conclusion 
The same pattern can be found in the tendency of industrial SO2 emission among the Yangzte River 
Delta, Pearl River Delta, Bohai Economic Circle, and the remain ing east, midd le and west China regions. 
There was gradual increase of SO2 emission before year 2006 but the emission decreases to similar level 
after the start of Sixth Plenary Session of the 16th National Congress of Communist Party of China (CPC) 
Central Committee and the release of Central CCP's Resolution on Several Great Issues o f Building 
Harmonious Society in year 2006 and the subsequent emphasis on environmental protection and 
promotion of harmonious relationship between human and nature. 
The phenomenon results from the interactive influence among regions in China, especially influence 
of developed regions to less-developed regions. In order to interpret the phenomenon, this paper examines 
the pollution spillover resulting from pollution emission in Yangzte River Delta, Pearl River Delta, and 
Bohai Economic Circle. The result shows that the role model effect of developed regions to the less -
developed is phenomenal. And the effect is reduced by distance. This in part exp lains the similar 
tendency of industrial SO2 emission among regions in China. The policy for Chinese regional 
development after the Reform and Opening-up is to encourage the east first, Yangzte River Delta, Pearl 
River Delta, and Bohai Economic Circle in part icular, and followed  by the middle and west, which  result 
in the role model status of the three regions. The pollution  of developed reg ions becomes more and more 
serious with the rapid economic development at the beginning and the pollution of other provinces also 
become serious under ro le model effect. But with the importance the government placed in this issue, the 
developed region took the lead of reducing emission, especially after the Sixth Plenary Session of the 16th 
National Congress of Communist Party of China (CPC) Central Committee. Other provinces also follow 
the lead and thus Figure 1 is arrived at. 
The implication of role model effect is that the regional issue should be properly dealt with if China 
wants to save its energy and reduce emission, build resource-conserving society, environment-friendly 
society, develop recycling economy and reach harmony between human and nature. The priority is the 
role model reg ions, i.e., the developed regions especially  the three main  developed regions. For one thing, 
they have largest amount of pollution emission; for another, their problem should be first dealt with for 
the sake of role model effect. The effect requires that ro le model regions should substantially set good 
examples and play their leading ro le by practical actions. Besides, the less developed regions should learn 
from their role model and try to catch up to them. In a word, China’s energy -saving and emission-
reduction cause and its sustained development require painstaking and pro longed effort, and also the 
coordination and cooperation among regions. 
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